
L 9 

U. of Iowa 67-30 

The Deflection of Chzged P a r t i c l e s  
By a Odrren t  - C z ~ ~ y i n g  Plas.r;?a + 



ABSTRACT 

Previously derived formal. expressions f o r  t h e  mean square 

def lec t ion  of a beam of energet ic  t e s t  p a r t i c l e s  from a s p a t i a l l y  

uniform p l a s m  are  evaluated numerically. The p l a s m  e lec t rons  

a re  a s s m e d  t o  be d r i f t i n g  r e l a t i v e  t o  t h e  ions with a v e l o c i t y  

vhich ra?,es b~f;:.isen zero m d  the c r i t i c a l  crl-ift vel.ocft:r f o r  

t h e  onset of  t h e  ion  s o m d  vave insti :-nil t ty.  Thoush t k  s c a t t e r -  

i n g  m-gle d.iv?rjes at, t h e  ; t & F l i t y  b s ~ 1 ~ 2 a q - ,  one ::i~~st be &le to 

make t h ?  &if% velocity p r a h i b i i i v e l ~  c lose tc the c r i t i c a l  ?LC~L% 

v e l o c i t y  ( t o  v i th in  a sr;i&l f r a c t i o n  of  r percsnt  01" i t)  to s-?? a 

marked evha-cer:.ent. 

t h e  thei..i.al v z l v . ~  by as r:::ixh as i: factcr  6f 12. 

I n  no case PES t h e  s c a t t e r i n g  erdmiced ovs r  

-. 
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magnitude over t h e  zero-&if% value, t h e  c r i t i ca l .  d r i f t  ve loc i ty  

must be approached within a very  small *action of  a p e r  cent .  

Ekperimentally, of course, it i s  at present  out of t h e  question t o  

con t ro l  t h e  drift ve loc i ty  t o  t h i s  accuracy. The enhancement o f  

s c a t t e r i n g  i s  much l e s s  dramatic than i n  t h e  electromagnetic wave 
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I1 EXPmSSIONS FOR THE SCATTERING COEFFICIENTS 

The e q e r i m e n t d  arrangement i s  i d e a l i z e d  as i n  Figure 1. 

The plasma i s  t r e a t e d  as a ,miform rectan&ar s l a b  of  i n f i n i t e  

length  and thickness d. The e lec t ron-and  i o n  d i s t r i b u t i o n s  aze 
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4 4  

F j  (u) s 
bution i n  t h e  component of ve loc i ty  d o n g  t h e  vector 2. 
d i e l e c t r i c  r2u?ction2 is 

fj (;) 6 (u - k v/k)d; i s  t h e  one-dimensional d i s t r i -  

The plasrna 

47 F! (u) du w 

( 3 )  l im 'j J - w + k u - i c  E-o j k 
D+ (g, Fw) = 1 - 

-m 

for t h e  d i s t r ibu - t ions  

(4b) 
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The 2 i n t e g r a t i o n  i s  most expedi t iously performed i n  sphe r i ca l  

po lar  coordinates as shown i n  Fig.  2. Referred t o  Cartesian coordi- 

nstes  with x-axis along V and V in t he  xz pl.ane, 
-i -i 

0 d 

3 

k = k (cos 0, s i n  9 cos yJ s i n  0 s i n  c p ) ,  

'd v (cos 7, 0, sill d 

k . V  
0 

k V cos 8, 
0 

i n t e g r d  at k =- k choosing k t o  be OT t h e  o rde r  of  t h e  inverse 
0' 0 

dis tance  of c loses t  aproacl i  of the t e s t  pa-cticle t o  a thermal 



9 

where 
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del ta - f imct ion  approximation enables one to wri te  down t h e  lead ing  

term i n  

minimum. 

i n  terms of the  behavior of t h e  integrand n e a  t h e  

The rLnir;wn value of  t h e  d e ~ o d n a t o r ~ ' ~  may occur at k = 0, 

The o r  at f i n i t e  values of k (when $ < 0), depending upon T,/Ti. r 
e f f e c t  on 4 i s  more maked i n  t h e  l a t t e r  case ( l u g e  T,/Ti) 

2n 2 t1 
J = s d (cos 9)(1 - cos 9) s dy 

2n 2 t1 

-1 - 
J = s d (cos 9)(1 - cos 9) s d~ 

0 2 2  ($r i- k2) t qi 

k 
1 1/4- an [ ----T--- 0 

d 

-. 
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III- NITMERICAL RESULTS 

-. 
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The symbols mean the  fol lowing 

- 
$1 - 

z (r) = 

$2 = 

+ 

Te vo cos 0 

Ti fi vi 
1 + -  2 ( > I  

‘d (2. - x 2 ) l/2 s i n  y sin y]  x 
( ) (vo - Vd cos y )  - - 

e ‘e 

-2  1: [f (x) - a (x)  si^ VI. e 

U 

2 2  
0 

V 
,&i A. - 77- 1 0 Lo )- 8 n q  e n 

- - 
A , ,  

7 
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2 
That i s ,  0 i s  proport ional  t o  t h e  - sum of  what i s  o r d i n a r i l y  c a l l e d  

t h e  thermal s c a t t e r i n g  and t h e  add i t iona l  s c a t t e r i n g  due t o  any 

enhanced f luc tua t ions  which may be present .  Note t h a t  a f ixed  

2 value of 0 mans smaller t o t a l  de f l ec t ion  f o r  higher  v e l o c i t i e s  

vo 

The r e s u l t  of  the numerical i n t e g r a t i o n  f o r  V = 0 and d 

2 2  2 4 8~ q e n ~ ~ / r ? -  v0 taken ou t .  U_D t o  terria 01" o (v . /v  ), 
0 i e  

-. 
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t h e  low-k p a r t  of t h e  spectrum, with v e l o c i t i e s  of t h e  order  of t h e  

i o n i c  sound wave speed., J=, d o n g  2 . These a r e  t h e  f luc tua-  

t i o n s  which axe enhanced. I n  order f o r  them t o  d e f l e c t  a t e s t  

p a r t i c l e  e f f i c i e n t l y ,  two cond.itions must be met: (1) The t e s t  - 
p a r t i c l e  must see a near ly  time independent e l e c t r i c  f i e l d  when 

viewed from i t s  O T . ~  instantaneous r e s t - f r a n e  (c . v" 2 d T / m . ) ,  - 

0 e 1  

p a r t i c l e  must see a near ly  time independent e l e c t r i c  f i e l d  when 

viewed from i t s  O T . ~  instantaneous r e s t - f r a n e  (c . v" 2 d T / m . ) ,  - 

0 e 1  

and (2) t h a t  k nust correspond t o  t h e  d i r ec tLon  of propagakion o f  
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The peak i s  t o  some extent  o f f s e t  by a l a r g e  p o s i t i v e  peak which 

occurs near x = 0 .  The volume under e i t h e r  peak i s  much g r e a t e r  

than  t h e  difference,  which contr ibutes  t o  F ig .  5 .  

For V within an i n f i n i t e s i m a l  d i s tance  o f  t h e  i n s t a b i l i t y  d 

threshold,  t h e  i n t e g r a l  i n  E q .  (10) can be approxirnated by i t s  

contr ibut ion from t h e  immediate neighborhood of I + 1 only. 

The y+integrztFon c a n  be done e x p l i c i t l y ,  and i n  t h e  l i m i t ,  t h e  

x-inte,rzcd gces over into a d e l t a  f-c?ction, g iv ing  

2 min 

- 

-. 
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which a r e  perpendicular to v" . The expression for 3 T appropriate  
0 

t o  t h i s  case has been calculated by T i h - a n ,  Guernsey, and 

bIontgornery9 and when it i s  i n s e r t e d  i n t o  t h e  expression j u s t  given 

f o r  T one ge t s  D' 

2 with < (As) > given by our Eq.  (U), as t h e  r e l a t i o n  b e t w e n  
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< > 
I 

< I!; > 

- i 3 -l ( A.3 ) 
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3 

- 1  w; - - - An (1 +. - ), which may 2 2 
28 9 

< vL > C v,, > , w e  g e t  t - 
disagree by orders  of magnitude, f o r  V l a rge ,  with Eq. (G) .  

0 

We i n f e r  from t h i s  example t h a t :  (i) t = o values  of  

Fokker-Planck coef f ic ien ts  a r e  more r e l i a b l e  guides t o  m a l l  

-. 
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F I G W  CAPTIONS 

Figure 1. Proposed Ekperiment ( Idea i i zed ) .  The plasma i s  uniform 

i n  t h e  rectargd.a.r s o l i d  and the e lec t rons  d r i f t  with 

v e l o c i t y  V along i t s  length.  The t e s t  pa_rticles of  v e l o c i t y  

V s t r i k e  t h e  plasma on the  f r o n t  face  fixking a-n angle y 

with Vd. The test p a r t i c l e s  are def lec ted  thmugh a s n i l l  

ang1.e < (*el2 >l/* and are  dekected e f t e r  they emerge fron: 
th2 b3,::: face. 

3 
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